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(54) Antenna system architecture 

(57) An antenna system fortower-top installation in- 
cludes an antenna array of M x N antenna elements, a 
corporate feed for operatively interconnecting said an- 
tenna elements, a backhaul channel for communicating 
with ground-based equipment, and radio frequency cir- 
cuits for processing radio frequency signals between the 
antenna array and a backhaul link. The radio frequency 
circuits include substantially ail of the circuits required 
for the processing of radio frequency signals between 
the antenna array and the backhaul link. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] Steered beam antenna systems have been 
used in defense electronics for radar systems, or for di- 
rection finding (DF) applications. These technologies 
have been making their way into commercial communi- 
cations, for interference reduction and/or capacity en- 
hancement. The generally accepted term in the latter 
industry is smart antennas; however, the term has been 
used to describe many different techniques and tech- 
nologies. The earlier technologies were based on RF 
(radio frequency) beam steering, which used selection 
of one of a number of highly directional antennas. In 
these technologies, tower top antennas were typically 
completely passive, with the beams formed via Butler 
matrices, or by selecting antennas individually. The in- 
dependent beam signals were then delivered to the 
base station via separate coaxial RF lines, with signal 
selection and RF switching performed at the base sta- 
tion. 

[0002] Digitally adaptive systems, which might use 
any type of antennas at the tower top, and digital signal 
processing techniques (DSP) at the base station, have 
been tested and are slowly making their way into the 
commercial markets. However, most of these technolo- 
gies are still based on using passive antennas at the 
tower top, bringing the RF signals from the tower to the 
base station via coaxial (RF) cables. The frequency con- 
version, digital conversion, and beamformer processing 
is then performed at the base station. 

OBJECTS AND SUMMARY OF THE INVENTION 

[0003] in accordance with one aspect of the invention, 
an antenna system architecture is based on installing 
the RF electronics at the tower top, with the antenna or 
within the antenna housing. Other aspects of the anten- 
na system architecture of the invention include: 

- Tower top electronics; 

Distributed amplifier system; 
Frequency and digital conversion at the tower top; 
Antenna/array inputs/outputs are time division mul- 
tiplexed; 

Final multiplexed digital signal is converted to fiber 
optics; 

Single or multiple fiber optic delivery cables for 
backhaul, or convert to microwave for backhaul. 

[0004] Additionally, this approach allows for a basic 
split of functionalities, as follows: 

RF signal processing is performed at the tower top; 
Beamforming (DSP) and channel coding is per- 
formed at another location, such as: 



a) at the bottom of the tower (base station) or 
BTS (Base Transceiver System); 

b) at the MSC (Mobile Switching Center); or 

c) at the CO (Central Switching Office). 

5 

[0005] This approach allows all processing and soft- 
ware, as well as digital hardware, to be installed at a 
single location, rather than distributed among various 
cell sites; which should reduce initial installation costs, 
10 as well as maintenance and upgrade costs. 

[0006] Briefly, in accordance with the foregoing, an 
antenna system, for tower-top installation, comprises an 
antenna array comprising an array of M x N antenna el- 
ements, a corporate feed for operatively interconnecting 
15 said antenna elements with a backhaul link for commu- 
nicating with ground-based equipment, and radio fre- 
quency circuits for processing radio frequency signals 
between said antenna array and said backhaul link, said 
radio frequency circuits including substantially all of the 
20 circuits required for the processing of radio frequencing 
signals between said array and said backhaul link. 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 [0007] In the drawings: 

FIG. 1 is a simplified schematic diagram, partially in 
block form, of a transmit only configuration for a 
generalized beamformer/smart antenna system; 
30 having tower top mounted electronics; 

FIG. 2 is a functional block diagram of the compo- 
nents in FIG. 1 , and corresponding base station 
mounted components; 

FIG. 3 is a simplified schematic diagram, partially in 
35 block form, of a receive only configuration, for a 
smart antenna/beamforming subsystem; 
FIG. 4 shows the same basic configuration as FIG. 
3, but with a low noise amplifier (LNA) circuit/com- 
ponent at each antenna element; 
40 FIG. 5 is a simplified schematic diagram, partially in 
block form, of a first configuration for a transmit/re- 
ceive smart antenna/beamforming subsystem; 
FIG. 6 shows a similar configuration to FIG. 5, ex- 
cept that the receive mode signals (uplink) are am- 
45 plified, via an LNA, before summing in the corporate 
feed network; 

FIG. 7 shows a basic system architecture; 

FIG. 8 shows a system architecture for a system 

using a microwave backhaul link; 
so FIG. 9 is a simplified schematic diagram, partially in 

block form, of the tower top components for a "third 

generation" (3G) transmit mode antenna system; 

FIG. 10 is a simplified schematic diagram, partially 

in block form, of the tower top components for a 
55 "third generation" (3G) receive mode configuration 

with a single LNA at the output of the corporate feed 

for each branch; 

FIG, 11 is a simplified schematic diagram, partially 
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in block form, of the tower top components for a 
"third generation" (3G) the receive mode configura- 
tion with an LNA on each antenna element, prior to 
the corporate feed network; 

FIG. 12 is a simplified schematic diagram, partially 5 
in block form, of the tower top components for a 
"third generation" (3G) a transmit/receive mode 
configuration with a single LNA on each receive 
branch; and 

FIG. 13 is a simplified schematic diagram, partially 10 
in block form, of the tower top components for a 
"third generation" (3G) a transmit/receive mode 
configuration with an LNA on each element, prior to 
the corporate feed network. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

[0008] Referring now to the drawings, FIG. 1 shows 
a transmitter system configuration 20 for a beamformer/ 
smart antenna system, using tower-top mounted elec- 
tronics for all of the RF circuits. The illustrated embodi- 
ment takes digital IF (intermediate frequency) signals 
(from an optical carrier or fiber optic cable 22), converts, 
at a fiber converter (FC) 24 from optical to a high speed 
digital signal and at a high speed time multiplexer (T- 
MUX) 26 de-multiplexes the high speed digital signal in- 
to M lower speed digital signals. The transmitter 20 next 
converts to analog via digital to analog converters (DAC) 
28 and upconverts, at upconverters (UC) 30, the analog 
IF signals to RF. The transmitter 20 then amplifies the 
signals via a distributed antenna approach, resulting in 
a beamformed collection of signals. This distributed an- 
tenna approach, in the embodiment illustrated in FIG. 1 , 
comprises an M by N array of antenna elements 40, 
such as patch/microstrip antenna elements, and a pow- 
er amplifier (PA) 42 closely coupled to each of the an- 
tenna elements 40, for example, at the feedpoint of each 
antenna element 40. Thus, each of the upconverters 30 
feeds one of M composite antennas, each comprising a 
total of N antenna elements. 
[0009] In operation, after conversion from fiber (opti- 
cal IF) to digital, at a selected data rate X, the high speed 
digital signal is de-multiplexed into M streams of digital 
signals, at data rates of X/M. These signals contain the 
digital beamforming weights and adjustments for phase 
and amplitude (determined and fixed at a central 
processing site-BTS, MSC, or CO). It will be noted that 
digital IF signals may be fed to/from the T-MUX by a 
twisted pair or coaxial cable rather than using a fiber 
optic cable and converter as shown in FIG. 1 and the 
below-described drawings. Also, a DC power cable/sys- 
tem for delivering DC power from the ground to the tower 
top has been omitted in the drawings for simplicity, but 
will be understood to be included in such systems. 
[0010] The diagram of FIG. 1 shows M columns of N 
antenna elements forming an antenna array 45, each 
connected via a series corporate feed network. Parallel 



corporate feed arrangements could also be used here 
and throughout the rest of the described embodiments 
hereinbeiow. The corporate feed network could be 
microstrip, stripline, or RF coaxial cables. 
[0011] Each antenna element 40 is fed with a power 
amplifier (PA) module 42, in similar fashion to the active/ 
distributed antenna architecture described in the above- 
referenced copending applications. 
[0012] A common local oscillator (LO) 32 is used for 
all of the upconverters 30, thus assuring coherent phase 
for each of the M paths. This LO 32 can be a fixed fre- 
quency crystal, or a synthesizer. 
[001 3] The fiber optic input(s) 22 to the fiber to digital 
converter (FC) 24 can be separate lines (e.g., multi- 
mode fiber), or a single line (e.g., single mode fiber). 
[0014] FIG. 2 shows the tower-top components of 
FIG. 1 in functional block form (shown on the left hand 
side of FIG. 2), and (on the right side of FIG. 2) a ground- 
based central processing site (BTS, MSC or CO). In 
FIG. 2, voice and or data channels 50 are fed into a DSP 
block 52 which performs all channel processing (voco- 
der, code spreading/code division multiple access (CD- 
MA), time multiplexing/time division multiple access 
(TDMA), equalization, etc.) and beamforming and/or 
spatial processing. This block 52 maybe referred to as 
the "Common DSP Block". It is a collection of DSP proc- 
essors, programmed for each specific task (channel and 
spatial processing). The output from this block 52, in ei- 
ther digital baseband (l&Q - in phase and quadrature) 
or digital IF, is converted to an optical carrier via a digital 
fiber optic (FO) converter 54. In one embodiment of the 
invention, this block 52 and the converter 54 can be lo- 
cated at the tower base (cell site) BTS, MSC, or CO 
(Central Office). 

[001 5] The fiber signals are then carried to the tower 
via a single cable or combination of multimode or sin- 
glemode fiber cables, indicated by reference numeral 
22. 

[0016] FIG. 3 shows a receive-only system configura- 
tion, for a smart antenna/beamforming subsystem 120. 
RF signals are received via an M x N array of antenna 
elements 140, here shown as a collection of patch/ 
microstrip elements. Each column in the array is 
summed via a series corporate feed, which could alter- 
natively be a parallel corporate feed, in this particular 
configuration, the summed signals are amplified, via a 
low noise amplifier (LNA) 144, after the corporate feed. 
After each signal is amplified, it is downconverted at a 
downconverter (DC) 160 to IF, and digitized by an ana- 
log to digital converter (ADC) 128. The digitized signals 
are then time division multiplexed by a T-MUX 126, into 
a single high speed digital signal, which is fed to a fiber 
converter (FC) 124, which translates/modulates the 
high speed digital signal onto an optical carrier 1 22. This 
carrier 122 may be a single, or multiple, fiber optic ca- 
bles, for delivering signals to the BTS, MSC, or CO. Sim- 
ilar to the transmit mode (see FIG. 1), a common LO 
1 32 is used to coherently translate all column/array sig- 
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nals from RF to IF. The systems of FIGS. 1 and 3 may 
be combined to form a transmit/receive system, which 
could in turn be combined with the ground-based com- 
ponents of FIG. 2 to define an antenna system architec- 
ture in accordance with one embodiment of the inven- 
tion. 

[0017J FIG. 4 shows the same basic architecture (a 
receive-only subsystem 120a) as FIG. 3, but with an 
LNA circuit/amplifier module 142 at each antenna ele- 
ment 140. Thus the signals are amplified prior to being 
summed via the corporate feeds. This configuration may 
be more expensive, in terms of the costs of the addition- 
al LNA components, but will achieve increased sensitiv- 
ity (lower system noise figure) since the signals are am- 
plified prior to any losses in the corporate feed circuits. 
[0018] FIG. 5 shows one embodiment of a transmit/ 
receive smart antenna/beamforming subsystem 220. 
This system utilizes a single LNA 244 for each branch 
(i.e., column of the M x N array), similar to the receive- 
only configuration of FIG. 3. At each antenna element 
240, a frequency diplexer (D) 262 is used to separate 
the transmit and receive power, on separate frequency 
bands. The receive power is summed, via a series cor- 
porate feed (could be parallel), and fed to an LNA 244 
at the bottom of each branch (column, i.e., of the M x N 
array). The amplified RF signals are then downconvert- 
ed to IF at downconverters (DC) 260 and digitized at A/ 
D converters 264, and fed to the high speed T-MUX 
(time domain multiplexer) 226. Similarly, transmit mode 
signals (from the BTS, MSG, or CO) are converted, de- 
multiplexed, digitized, and upconverted from IF to RF at 
FC 224, T-MUX 226, DACs 228 and UCs 230. The con- 
verted signals are then distributed to the antenna ele- 
ments, on each branch, via the corporate feed (series 
or parallel) and amplified (at each antenna element 240) 
by PAs 242. The amplified signals pass through the fre- 
quency diplexer (D) 262 to the antennas 240 to be radi- 
ated into space. The same LO source 232 can be used 
for both the upconversion and downconversion opera- 
tions, for all of the branches. 
[0019] The fiber optic cables 222 thus carry digital IF 
on an optical carrier in both directions. This can be ac- 
complished on a single FO (fiber optic) cable via wave- 
length division multiplexing, or on multiple FO cables, 
one (or more) for each path. 

[0020] FIG. 6 shows a similar architecture to FIG. 5 
for a transmit/receive system 220a, except that the re- 
ceive mode signals (uplink) are amplified by LNAs 244 
at the antenna elements 240, before summing in the cor- 
porate feed network. This is similar to the receive-only 
configuration of FIG. 4. 

[0021 ] FIG. 7 shows a basic arch itectu re forthe tower- 
top beamformer subsystem, for all of the embodiments 
of FIGS. 1-6. A panel antenna system 300, with a fiber 
converter (FC) 324, is shown with fiber optic transmis- 
sion line(s) orcable(s) 322. The subsystem 300 may in- 
clude all of the components of any of the subsystems of 
FIGS. 1-6, up to the FC (fiber converter) 324. The ad- 



vantage of this arrangement is that all of the RF func- 
tionality is performed at a single location, i.e. at the tower 
top. This minimizes the lengths of RF transmission lines 
throughout the system. For example, there is no need 

5 to transmit RF back to the base station (BTS), MSC or 
CO 310. This results in minimizing ohmic and power 
losses, as well as increasing the overall system perform- 
ance (noise figure, etc.). This is also the part of the sys- 
tem that is most likely to remain static (i.e. not requiring 

10 performance-oriented changes as often). 

[0022] The section of the beamforming system that 
will likely change, due to improved DSP availability and 
algorithms, software updates, etc. can be centralized in 
a single location 310 (e.g., BS/BTS, MSC, or CO). This 

15 section may include beamformer, digitat signal process- 
ing (DSP) and channel processing components as indi- 
cated by reference numberal 352 in Fig. 7. 
[0023] At the other end of the fiber cable 322 is a fiber 
converter (FC) 354 to convert to digital IF, and a digital 

20 multiplexer 312, which may be part of the base station 
310. The above-described arrangement allows all the 
high cost "digital processing" segment of the beamform- 
er to be placed in a central location, to facilitate algo- 
rithm and software upgrades, as well as hardware 

25 (DSP) changes. 

[0024] FIG. 8 shows an architectural approach for mi- 
crowave backhaul link to replace the fiber connection 
22 (122, 222, 322). .All of the prior embodiments de- 
scribed the high-speed backhaul link being performed 

30 using fiber optic cable. However, currently many cell 
sites use microwave (2 - 40 GHz range) links forthe 
trunking/backhaul, and this may be substituted forthe 
fiber link shown in the above-described embodiments 
without departing from the invention. 

35 [0025] In FIG. 8, on the top left, is a block 300 denoted 
as "RF circuits". This encompasses the antenna ele- 
ments, LNAs, PA's, corporate feed networks, RF upcon- 
verters and downconverters, as well as A/Ds and DACs 
shown in the above-described embodiments. The digital 

40 signal is then fed into a composite high speed digital T- 
MUX 326 (as shown in the previous embodiments). 
However, rather than feed the time division digitally mul- 
tiplexed signals into a fiber converter, the signals are 
directly translated, at the tower top, by a microwave 

45 (MW) converter (transceiver) 313, and amplified 
through a PA (power amplifier) 317, fed through a mi- 
crowave frequency diplexer (D)321 , to a radiating back- 
haul antenna 323. This backhaul antenna 323 is similar 
to a terrestrial microwave antenna, or LMDS (local 

50 multipoint distribution service) antenna system. Similar- 
ly received uplink microwave signals, from the antenna 
323, are fed back through the frequency diplexer (D) 
321 , amplified via a microwave LNA 31 9, and downcon- 
verted to digital IF (high speed), back to the high speed 

55 T-MUX 326. 

[0026] Optionally, the high speed digital multiplexed 
signals from the beamformer/smart antenna subsystem 
320 could be fed to an intermediate modulator (MOD) 
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315 (shown in phantom line), that modulates the IF sig- 
nals to a format more efficient for microwave transmis- 
sion, and then fed to the microwave converter 313. 
[0027] FIGS. 9-13 are respectively similar to FIGS. 1 
and 3-6, however, FIGS. 9-13 show third generation 
PCS and UMTS (universal mobile telecommunications 
service) (3G) systems. Two standards, designated as 
CDMA-2000 and W-CDMA, are currently being devel- 
oped for use as the worldwide roaming or mobile (cel- 
lutarized) systems for voice and data transport. While 
architecturally very similar to the diagrams in FIGS. 1 
and 3-6, FIGS. 9-13 differ in that they use a QPSK 
(quadrature phase shift keying) modulator and RF up- 
converter block, designated in FIGS. 9-1 3 as a 3G (third 
generation CDMA) modulator block 41 0 (51 0, 61 0). This 
block assumes digital baseband I & Q on the input (or 
output). Therefore, digital baseband (l&Q) signaling is 
embedded in the fiber optic signal, which is assumed to 
be time division multiplexed. 

[0028] FIG. 9 shows a 3G transmit mode smart an- 
tenna/beamformer subsystem 420. The digital multi- 
plexed (baseband I & Q) signals, carried on a high speed 
stream, are converted from fiber to digital at FC 424 and 
de-multiplexed at T-MUX 426 into M lower speed 
streams. The 3G modulator block 410, on each branch, 
converts the signals from digital to analog, performs a 
QPSK modulation, spreads the carriers (via the appro- 
priate CDMA spreading codes) and upconverts.to_.RE- 
f he rest of FIG. 9 is similar to FIG. 1. Also, all 3GM 
blocks 410 use the same local oscillator 432 to coher- 
ently upconvert to all branches. 
[0029] FIG. 10 shows a receive mode configuration 
520, with a single LNA 544 at the output of the corporate 
feed for each branch. A 3G modulator block 510 has 
been separated into two blocks, a "demodulator" (down- 
converter, CDMA code despreader, and QPSK demod- 
ulator) 560 and an A/D 564. The digital baseband (I & 
Q) outputs are then time division multiplexed at T-MUX 
526, and fed to the digital to fiber converter (FC) 524, 
which sends the multiplexed digital baseband signals on 
a fiber carrier 522. 

[0030] FIG. 11 shows a second receive mode config- 
uration 520, with an LNA 544 at each antenna element 
540, prior to the corporate feed network, on each 
branch, and is otherwise the same as FIG. 10. 
[0031] FIGS. 12 and 13 shows two configurations 
620, 620a for a transmit/receive 3G beamformer/smart 
antenna system, with a 3G modulator block 61 0, 61 2 on 
each path (2-Way) on each branch. FIG. 12 shows a 
configuration with a single LNA 644 on each receive 
branch. FIG. 13 shows a configuration with an LNA 644 
at each antenna element prior to the corporate feed net- 
work. In FIGS. 12 and 13, components similar to those 
used in the above-described embodiments are desig- 
nated by similar reference numerals with the prefix 6. 
Also in FIGS. 12 and 13, the 3G modulator block 610 
includes the components of both the 3G modulator 
blocks 410 and 510 of FIGS, 9 and 10, as described 



above. 

[0032] While the systems of FIGS . 9-1 3 illustrate a fib- 
er carrier 422, 522, etc., each could alternatively use a 
microwave backhaul link of the type shown in FIG. 8. 

5 [0033] While particular embodiments and applica- 
tions of the present invention have been illustrated and 
described, it is to be understood that the invention is not 
limited to the precise construction and compositions dis- 
closed herein and that various modifications, changes, 

10 and variations may be apparent from the foregoing de- 
scriptions without departing from the spirit and scope of 
the invention as defined in the appended claims. 



15 Claims 

1. An antenna system for a tower-top installation, 
comprising: 

20 an antenna array comprising an array of M x N 

antenna elements; 

a corporate feed for operatively interconnecting 
said antenna elements with a backhaul link for 
communicating with ground-based equipment; 

25 and 

radio frequency circuits for processing radio 
frequency signals between said antenna array 

. . . andabackhauUink r said radio-frequency cir- 
cuits including substantially all of the circuits re- 

30 q uired for the processing of radio frequency sig- 

nals between said antenna array and said 
backhaul link, such that thre is no need to trans- 
mit radio frequency signals to said ground- 
based equipment. 

35 

2. The system of claim 1 wherein said radio frequency 
circuits include at least one digital-to-analog con- 
verter for converting digital signals from said back- 
haul link to analog intermediate frequency signals, 

40 at least one upconverter coupled with said digital- 
to-analog converter for upconverting the analog in- 
termediate frequency signals to radio frequency 
signals, and a power amplifier coupled between 
said upconverter and each antenna element. 

45 

3. The system of claim 2 wherein said array comprises 
M columns of N antenna elements, and wherein 
both M and N are greater than 1 , wherein said digital 
to analog converter and said upconverter comprise 

so a total of M digital to analog converters and M up- 
converters, one for each column, and further includ- 
ing a time domain demultiplexer coupled between 
the back haul link and said digital to analog convert- 
ers for de-multiplexing a high speed digital signal 

55 from said back haul link to said digital to analog con- 
verters. 

4. The system of claim 1 wherein said radio frequency 
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circuits comprise at least one downconverter cou- 
pled to the antenna elements for downconverting 
radio frequency signals to intermediate radio fre- 
quency signals, and at least one analog-to-digital 
converter circuit coupled with said downconverter 
circuit for converting said intermediate frequency 
signals to digital intermediate frequency signals. 

5. The system of claim 4 wherein said array comprises 
M columns of N antenna elements, and wherein 
both M and N are greater than 1 , wherein said an- 
alog-to-digital converter and said downconverter 
comprise a total of M analog-to-digital converters 
and M downconverters, one for each column, and 
further including a time domain multiplexer coupled 
between the backhaul link and said analog-to-dig- 
ital converters for multiplexing M digital intermedi- 
ate frequency signals from the respective analog- 
to-digital converter circuits into a high speed digital 
signal for said backhaul link. 

6. The system of claim 2 and further including at least 
one low noise amplifier coupled between the anten- 
nas of said array and each of said downconverters. 

7. The system of claim 6 and further including a fre- 
quency diplexer coupled between each antenna el- 
ement and its associated power amplifier and low 
noise amplifier. 

8. The system of claim 1 wherein said backhaul link 
comprises a fiber optic cable. 

9. The system of claim 1 wherein said backhaul link 
comprises a microwave link. 

10. The system of claim 1 and further including a 
ground-based facility coupled through said back- 
haul link to said tower-top installation, and wherein 
substantially all digital signal processing, including 
channel and spatial processing associated with the 
transmission and/or reception of radio frequency 
signals at said tower-top installation, is carried out 
in said ground-based facility. 

1 1 . The system of claim 4 wherein said digital-to-analog 
converters, said upconverter circuits, said down- 
converter and said analog-to-digital converters 
comprise third generation CDMA circuits. 

12. The system of claim 11 wherein said third genera- 
tion CDMA circuits include a CDMA code despread- 
er, QPSK demodulator circuits, digital to analog 
converter circuits, QPSK modulation circuits and 
CDMA code spreading circuits. 

13. A method of transmitting and receiving radio fre- 
quency signals in a tower-top installation, compris- 



ing: 

arranging a plurality of antenna elements in an 
M x N array of antenna elements; 

5 operatively interconnecting said antenna ele- 

ments with a backhaul link for communicating 
with ground-based equipment; 
processing radio frequency signals between 
said antenna array and a backhaul link; and 

10 mounting radio frequency circuits, including 

substantially all of the circuits required for the 
processing of radio frequency signals between 
said antenna array and said backhaul link, in 
said tower-top installation. 

15 

1 4. The method of claim 1 3 wherein said processing in- 
cludes converting digital signals from said backhaul 
link to analog intermediate frequency signals, up- 
converting the analog intermediate frequency sig- 

20 nals to radio frequency signals, amplifying the sig- 
nals following said upconverting. 

15. The method of claim 13 and further including time 
domain de-multiplexing a high speed digital signal 

25 from said backhaul link. 

16. The method of claim 13 or claim 14 wherein said 
processing includes downconverting radio frequen- 
cy signals" from said antenna elements to interme- 

30 diate frequency signals, converting said intermedi- 
ate frequency signals to digital intermediate fre- 
quency signals, and amplifying the signal before 
said downconverting. 

35 17. The method of claim 16 and further including time 
domain multiplexing M digital intermediate frequen- 
cy signals into a high speed digital signal for said 
backhaul link. 

40 18. The method of claim 13 or claim 16, including per- 
forming substantially all digital signal processing, 
including channel and spatial processing associat- 
ed with the transmission and/or reception of radio 
frequency signals at said tower-top installation, at 

45 a ground-based facility. 

19. The method of claim 14 wherein said digital to an- 
alog converting and said upconverting utilize third 
generation CDMA techniques. 

50 

20. The method of claim 1 6 wherein said downconvert- 
ing and said analog-to-digital converting utilize third 
generation CDMA techniques. 

55 21 . The method of claim 20 wherein said third genera- 
tion CDMA techniques include CDMA code de- 
spreading and QPSK demodulating. 
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22. The method of claim 19 wherein said third genera- 
tion CDMA techniques include QPSK modulating 
and CDMA code spreading. 



10 



15 



20 



25 



40 



45 



50 



55 



8 



EP 1 143 554 A2 



1 

40- 



45 



N 



30 



32-^0- 
L.O. 



28 



1 

PA 



rfl rfl 



42 

=<K 

=<H' 



2 

PA 



42 

r<3" 



uc| ->fuc 



DAC 



DAC 



40 



T-MUX 



20 



FC 



M 
PA 

rfl 

42 

MO- 



uc 



DAC 
x 



24 



r 

22 



■26 



F/6. 1 



9 



EP1 143 554 A2 



M ARRAY COLUMNS 



• • • 



i — r 



•45 



IFTORF 
1 



• • • • 



•30 



DTOA 
z 



■ • • • 



•28 



t t t 



TIME DIVISION MUX 



26 



FIBER TO DIGITAL 



24 



54 



22 



52 



50 





f 








FIBER 

TO 
DIGITAL 


4 ► 


DSP 


) — « — 







FIG. 2 



10 



EP 1 143 554 A2 



1 

140- 



M 



N 



u 

r 



144 



LNA 



I V 



144 



160-^ I 

132-*--© » |~PC 

L.O. r 



DC 



164 



1 

Ai 


Id 




N 


D 



V 



DC 



A/D 



T-MUX 



120 



FC 



X 



X 



124 



122 



126 



FIG. 3 



EP1 143 554 A2 




FIG. 4 



12 



EP1 143 554 A2 




FIG. 5 



13 



EP1 143 554 A2 




EP1 143 554 A2 





7 



CM 
CNI 
CO 



CD 



15 



EP1 143 554 A2 




16 



EP 1 143 554 A2 



1 

440- 
2 



1 

PA 



442 



2 

PA 



442 

=«■■ 



M 

PA 
*=<h 



L.O. 410 
432 



}=<h 

J- 

— » j 3GM 



3GM 



-*| 3GM 



HIGH SPEED T-MUX 



•426 



FC 



420 



X 

424 



422 



FIG. 9 



17 



EP 1 143 554 A2 



1 

540" 



N 



M 



544 



LNA 



532 



LO. 560 



LNA 



DEMOD 



510 — 



I 

r-H 



564 



520 



A/D 



V 



DEMOD 



A/D 



LNA 



V 



i DEMOD 



1 


r I 


A/C 


) 



HIGH SPEED T-MUX 



FC 



V 

524 



922 



FIG. 



18 



EP 1 143 554 A2 



L.O. 
532-^-0- 





1 




2 


1 


LNA 


LNA 








540 


n 








542 






2 
• 


=t> 


> 


— \< 


N 










=> 


► 








r 




560 ~> 


j 


r-- n - 


— Jt 



*( DEMOD 



510 J " 1 
564 



520a 



M 

LNA 



DEMOD 
— J~ 



l A/D 


1 
1 

' L 


N 


D 



• • • • 



I 



DEMOD 



A/D 



HIGH SPEED T-MUX 



-526 



FC 



524 



522 



FIG. 11 



19 



EP 1 143 554 A2 



M 



632-^-0- 




L.O. 660 



FIG. 12 



20 



EP1 143 554 A2 




FIG. 13 



21 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record ~ 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. - 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
EfBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

^ REFERENCE^) OR EXHIBITS) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



